Introduction {#sec005}
============

Educational attainment is a strong determinant of health and life expectancy. In the Netherlands for example, people with a low level of education have a six year shorter life expectancy than highly educated people. For quality adjusted life years the difference is even larger.\[[@pone.0134780.ref001]\] It seems likely therefore, that improving educational achievement may have, besides many other benefits, a positive impact on health throughout the life course. To improve educational achievement, given a child's intellectual capacities, it is important to gain insight into specific subgroups of children that would benefit from additional support throughout their school career. It is well known that children from families with low socio-economic status (SES) are less likely to have successful school careers than children from high SES families.\[[@pone.0134780.ref002]--[@pone.0134780.ref006]\] Variation in school performance between children from different socio-economic family backgrounds has been shown to emerge early in childhood and tends to increase as children grow older.\[[@pone.0134780.ref007]\] Besides children from low SES families, also children with poor health may be disadvantaged with respect to educational opportunities.\[[@pone.0134780.ref008]\] However the evidence on the influence of health on educational achievement is still inconclusive \[[@pone.0134780.ref009]--[@pone.0134780.ref014]\]. Health may be a determinant of educational achievement besides family SES, but in addition, health problems that are more common among poorer children than among their wealthier peers, may as well be more severe, for instance because their health problems are less well managed.\[[@pone.0134780.ref015]\] This so-called 'double disadvantage' may affect the school performance of these children more severely. A better understanding, of the role of health in children's school career may facilitate the development of interventions that can help to create a breakthrough in the vicious circle of childhood health affecting educational attainment affecting health status later in life.

Many previous studies investigating the association between health and educational achievement have focused on one specific health condition. In the current study, five common childhood health conditions (asthma symptoms, eczema, general health, frequent respiratory infections, overweight) and school absence due to illness are included, making it possible to examine the relation between health and school performance in a more comprehensive way. We also have longitudinal health information, reported repeatedly on several occasions throughout the child's primary school years, at our disposal. This makes it possible to examine the impact of the burden of disease during the entire primary school period as well as of fluctuations during this period. Furthermore, we included both an objective measure for the children's' school performance (a cognitive test) as well as a subjective school level assessment made by the child's teacher.

The aim of our study is to provide insight into the influence of health on children's educational attainment at the transition from primary to secondary education, taking into account parental education. Furthermore, we investigate the hypothesis that poor health may be more detrimental for the educational achievement of children from less educated families than for the educational achievement of children from highly educated families.

Methods {#sec006}
=======

Ethics statement {#sec007}
----------------

The Medical Ethical Committees of the participating institutes (Rotterdam, start project MEC 132.636/1994/39 and 137.326/1994/130; Groningen, start project MEC 94/08/92; Utrecht, start project MEC-TNO judgement 95/50; Utrecht, age 4 years CCMO P000777C; Utrecht, age 8 years CCMO P04.0071C, protocol number 04-101/K; Rotterdam, age 8 years MEC 2004--152; Groningen, age 8 years M 4.019912; Utrecht, age 12 years METC protocol number 07-337/K) approved the study. Parents, carers or guardians gave written informed consent on behalf of all the minors/children involved in the study.

Data availability statement {#sec008}
---------------------------

The data underlying the findings presented in this paper are available on request. Requests can be submitted to the PIAMA Principal Investigators. Their names and e-mail addresses are listed on the PIAMA website (<http://piama.iras.uu.nl/index-en.php#collaboration>). The PIAMA data are not freely accessible in the public domain, because this would be in conflict with the agreement between the PIAMA study team and the PIAMA participants. The information participants received at the start of the study (in 1996--1997) included the statement \'the information that we receive from you will only be used for the PIAMA project\' and participants gave written informed consent based on this information.

Study design and population {#sec009}
---------------------------

Data were obtained from the Dutch PIAMA (Prevention and Incidence of Asthma and Mite Allergy) birth cohort. The PIAMA study was designed to investigate the influence of lifestyle and environmental factors on the development of asthma and allergy. Besides asthma and allergy, the study covered a range of other aspects of child health and development, including respiratory infections, overweight and school performance.\[[@pone.0134780.ref016]\] Pregnant women were recruited from the general population in three different parts of the Netherlands. Their children (n = 3,963) were born in 1996/1997 and have been followed from birth up to their current age of 17 years. Questionnaires were sent to the participating parents during pregnancy, at three months and yearly from 1 to 8 years of age and at 11 years of age. At the age of 11 years, 3541 families (89.4% of baseline population of 3,963) were still in the study and questionnaires were completed by the parents (n = 2,660) as well as the children themselves (n = 2,651). If parents and/or the child had completed the 11-years-questionnaire, the parents (n = 2,706) subsequently received a short additional school questionnaire on the child's school performance. This school questionnaire was completed for 2,505 children (93% of those who received the questionnaire and 63% of the baseline population). Next we selected the children whose school level advice had been reported and were still in primary school when they or their parents filled out the 11-years-questionnaire, resulting in 1,865 children.

Measures {#sec010}
--------

### School performance {#sec011}

Two indicators of school performance were available. First, scores on a standardized school achievement test, the Central Institute for Test Development (Cito) Test, were used.\[[@pone.0134780.ref017]\] In most Dutch schools, children have to take this test at the end of their primary school education in order to determine which level of secondary education best suits their abilities. The Cito Test score ranges from 501--550 and can be translated into specific levels of secondary education. In our dataset, the scores ranged from 508 to 550, and were approximately normally distributed.

The second indicator used was the teachers' assessment of the child with regards to a suitable secondary school level for him or her. This school level assessment of the teacher is based on the entire school career, skills and characteristics of the child. The school level assessment is comprised of seven levels ranging from the lowest Dutch secondary educational level to the highest level. In [Table 1](#pone.0134780.t001){ref-type="table"}, the Dutch educational levels and the Cito Test scores are compared with the International Standard Classification of Education, developed by UNESCO.\[[@pone.0134780.ref018]\]

10.1371/journal.pone.0134780.t001

###### Classification of secondary educational level according to Cito Test scores and Dutch secondary educational levels.

![](pone.0134780.t001){#pone.0134780.t001g}

  Cito Test score    Dutch secondary educational level                                 ISCED[^a^](#t001fn001){ref-type="table-fn"}
  ------------------ ----------------------------------------------------------------- -----------------------------------------------------------------------------------------------------------------------------------
  \-                 Special education[^b^](#t001fn002){ref-type="table-fn"}           ISCED 2C / special education
  \< 523             Vmbo_b/l                                                          ISCED 2C / preparing for labour market
  ≥ 523 and \< 529   Vmbo_k                                                            ISCED 2C / preparing for labour market
  ≥ 529 and \< 533   Vmbo_g/t                                                          ISCED 2B / preparing for vocational education
  ≥ 533 and \< 537   Vmbo/Havo                                                         ISCED 2A / 2B / Combination class of preparing for vocational education and tertiary education (that is senior general education)
  ≥ 537 and \< 541   Havo                                                              ISCED 2A / preparing for tertiary education (that is senior general education)
  ≥ 541 and \< 545   Havo/Vwo(only offered in the first year of secondary education)   ISCED 2A / preparing for tertiary education (combination class of senior general education and pre-university education)
  \> 545             Vwo                                                               ISCED 2A / preparing for tertiary education (that is pre-university education)

^a^ International Standard Classification of Education by UNESCO (update 1997)

^b^ education lower than the regular school levels.

Many secondary schools use the Cito Test score and the teacher's school level assessment as an entry requirement. Both indicators are therefore crucial for the school career of children in the Netherlands. To be able to compare the findings for the two school performance indicators, we standardised the indicators using Z-scores. For our study, the school level assessment was available for all 1,865 children in the study population and the Cito Test score was available for 1,531 children.

### Socio-economic status measure {#sec012}

Education is considered a good indicator of adult socio-economic status in the Netherlands\[[@pone.0134780.ref019]\] and elsewhere.\[[@pone.0134780.ref020]\] Accordingly, both maternal and paternal educational level were used as indicators of the socio-economic status (SES) of the family. Information about the highest level of education attained by the parents was collected around the first birthday of their child, and the information was divided into three categories: primary school only or lower secondary or lower vocational education (low); intermediate vocational education or intermediate or higher secondary education (intermediate); and higher vocational education or university (high). Maternal and paternal educational level were moderately correlated (Pearson's correlation 0.49).

### Childhood health indicators {#sec013}

The health of the child was reported by the parents repeatedly between the ages of one to eleven years. We used six health indicators: eczema and frequent respiratory infections (nine reports: at age one to eight years and at age eleven), poor general health (four reports: at ages four, six, eight and eleven), asthma symptoms and overweight (seven reports: at age three to eight years and at age eleven, and school absence due to illness (reported at age 11). Asthma (symptoms), eczema, respiratory infections and overweight are health problems with a relatively high prevalence in childhood and constitute a substantial part of the health problems seen in General Practice among the primary school age group. In addition to these specific common childhood health problems, we used two unspecific 'overall' indicators of childhood health: the RAND General Health Rating Index\[[@pone.0134780.ref021]\] and the number of school days missed due to illness. A child was classified as having eczema if an itchy rash had been present at one or more of the specified locations (the folds of the elbows or behind the knees, around the ears or eyes, or at the front of the ankles) during the previous twelve months. This classification was based on the international standardized ISAAC questions.\[[@pone.0134780.ref022]\] Frequent respiratory infections were defined as the child having suffered from three or more of the following infections during the previous twelve months: bronchitis, pneumonia, middle ear infection, sinusitis, throat infection, flu or a serious cold. Seven questions from on general health and susceptibility to illness were used to define general health. Answer categories were combined into one score between 7 and 32, with the lowest quartile characterizing poor general health. A Dutch version of the 'RAND General Health Rating Index' for children was used for the assessment of general health.\[[@pone.0134780.ref021]\] Children having wheezing, shortness of breath (dyspnoea), or using prescribed inhaled steroids for respiratory or lung problems in the preceding twelve months were categorized as having asthma symptoms. Overweight was defined using parentally reported weight and height information. Parents were asked to report their child's body weight (in kg) and height (in cm) from the last time the child was weighed and measured by a medical doctor or nurse, if this had been done within the previous three months. If these measures were not available, the parents were asked to weigh and measure their child themselves, without shoes and heavy clothes. Age- and sex-specific IOTF (International Obesity Taskforce) cut-off points \[[@pone.0134780.ref023]\], were used to classify the children as being overweight or obese. Because of the low prevalence of obesity, obese and overweight children were children were combined into one category and obesity was not analyzed separately.

We composed two variables per health indicator to reflect childhood health during the period studied and used these variables as independent variables in the analyses. First, for each health indicator separately we calculated the number of years that ill health was reported. Second, for each child, a health trajectory describing the development of the health condition over time was composed separately for each health indicator. The health trajectories were defined as persistent health problems, health problems in early childhood only, health problems in late childhood only and no health problems. Children were categorized in the trajectory of 'persistent health problems' when the parents reported health problems at least two out of three times in the period between age three to five and at least two out of four times between the ages six to eleven (in case of poor general health at least once between age three to six and at least once between age seven to eleven); children were categorized in the trajectory of 'health problems in early childhood only' when the parents reported health problems at least two out of three times in the period between age three to five years (at least once for poor general health between age three to six), but not more than once between the ages six to eight and age eleven (none for poor general health); children were categorized in the trajectory 'health problems in late childhood only' when the parents reported health problems not more than once in the period between age three to five years (none for poor general health), and at least two out of four times later in childhood (six to eight years and at eleven years) (at least once for poor general health between age seven to eleven); the trajectory 'no health problems' was composed of children whose parents reported health problems not more than once between age three to five years, and not more than once between the ages six to eleven (and never in case of poor general health). The latter trajectory was the reference category in the analyses.

Finally, in the school questionnaire, parents were asked to report the number of days their child had been absent from school due to illness during the current school year. We divided the answers into no school absence, one or two days, three to five days, and more than five days of school absence due to illness.

Analyses {#sec014}
--------

We used linear regression models for our analyses with adjustment for sex of the child. We used Z-scores for the two outcome measures; Cito Test scores and school level assessment. We used heteroskedasticity-robust standard errors, because the residuals of the outcome measures were not normally distributed and the variance was not homogeneous.

First, the relationship between the number of years of ill health, absenteeism due to illness, and the health trajectories with the school level assessment and the Cito Test score were investigated. Second, the associations of the educational level of the mother and father with the school level assessment and the Cito Test score were investigated (by constructing dummies out of the parental educational attainment question).

In the next step, both the health status of the children and parental educational level were entered together as independent variables in the regression models with the school level assessment and the Cito Test score as dependent variables. Finally, for each health indicator we investigated whether the associations of health indicators with school performance varied by socio-economic background by including an interaction between parental educational level and health in the models. For significant interactions (P\<0.1), \[[@pone.0134780.ref024]\] we show results of the analyses stratified by parental educational level.

### Missing data and multiple imputation {#sec015}

The health indicators in our study were constructed using 1 to 9 repeated measurements per indicator. However, not every parent answered every question every year, so that for one or more of the indicators one or more of the repeated measurements may be missing. If data are not missing completely at random (MCAR), complete case analysis may lead to biased results \[[@pone.0134780.ref025],[@pone.0134780.ref026]\] and will result in inefficient use of the available data. Therefore, to overcome this problem, missing data in independent variables were imputed multiple times using the 'Multivariate Imputation by Chained Equations' (MICE) procedure in the statistical program R, version 2.9.1, resulting in five imputed datasets. SAS analyses were performed with PROC MIANALYSE to pool the data. The means and frequencies of the school performance measures and their determinants were compared for the complete and imputed cases ([Table 2](#pone.0134780.t002){ref-type="table"}) and the analyses were conducted in both the imputed dataset and in the subgroup with complete data. Results presented in Tables [3](#pone.0134780.t003){ref-type="table"}--[5](#pone.0134780.t005){ref-type="table"} are the results from the analyses in the imputed dataset.

10.1371/journal.pone.0134780.t002

###### Characteristics of the study population: original dataset versus imputed dataset.
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                                    Complete cases (n = 412)   Imputed dataset (n = 1,865) [^a^](#t002fn001){ref-type="table-fn"}                                  Complete cases (n = 412)   Imputed dataset (n = 1,865)[^a^](#t002fn001){ref-type="table-fn"}
  --------------------------------- -------------------------- -------------------------------------------------------------------- ------------------------------ -------------------------- -------------------------------------------------------------------
  Gender                                                                                                                            Poor general health                                       
  Male                              54.9                       50.8                                                                 age 4                          20.9                       24.1
  Female                            45.2                       49.2                                                                 age 6                          21.1                       20.3
                                                                                                                                    age 8                          23.1                       23.2
  Maternal education                                                                                                                age 11                         24.0                       21.6
  Low                               13.6                       17.8                                                                                                                           
  Intermediate                      42.5                       41.9                                                                 Freq. respiratory infections                              
  High                              43.9                       40.3                                                                 age 1                          10.2                       12.5
                                                                                                                                    age 2                          13.6                       13.2
  Paternal education                                                                                                                age 3                          7.8                        10.6
  Low                               21.1                       20.9                                                                 age 4                          8.5                        9.4
  Intermediate                      30.1                       33.4                                                                 age 5                          8.7                        9.7
  High                              48.8                       45.8                                                                 age 6                          6.1                        7.4
                                                                                                                                    age 7                          4,1                        4.3
  Eczema                                                                                                                            age 8                          2.7                        4.0
  age 1                             13.8                       14.0                                                                 age 11                         3.2                        3.2
  age 2                             18.5                       17.3                                                                                                                           
  age 3                             17.2                       17.3                                                                 Overweight                                                
  age 4                             17.5                       17.9                                                                 age 3                          6.8                        8.2
  age 5                             17.7                       16.0                                                                 age 4                          7.3                        9.7
  age 6                             15.1                       15.6                                                                 age 5                          9.2                        10.4
  age 7                             15.5                       14.8                                                                 age 6                          9.7                        9.9
  age 8                             15.1                       16.3                                                                 age 7                          9.2                        11.7
  age 11                            13.6                       13.6                                                                 age 8                          10.9                       12.0
                                                                                                                                    age 11                         10.2                       11.0
  Asthma symptoms                                                                                                                                                                             
  age 3                             19.2                       21.9                                                                 School absence                                            
  age 4                             15.8                       17.6                                                                 No absence                     30.8                       30.2
  age 5                             15.3                       15.7                                                                 1--2 days                      32.3                       30.1
  age 6                             14.6                       13.1                                                                 3--5 days                      24.5                       25.2
  age 7                             11.9                       11.4                                                                 \> 5 days                      12.4                       14.5
  age 8                             11.9                       12.1                                                                                                                           
  age 11                            9.7                        11.4                                                                                                                           
                                    Mean (SD)                  Mean (SD                                                                                            Range                      Range
  Z-score School level assessment   0.0 (1.0)                  0.0 (1.0)                                                                                           -2.6--1.0                  -2.1--1.1
  Z-score Cito Test score           0.0 (1.0)                  0.0 (1.0)                                                                                           -3.8--1.3                  -3.9--1.4

^a^ Data were not imputed for Cito Test Scores (n = 1,531).

10.1371/journal.pone.0134780.t003

###### Association of parental education and health indicators with school level assessment (Z-score) (n = 1,865)[^a^](#t003fn001){ref-type="table-fn"}.
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                                                Crude[^b^](#t003fn002){ref-type="table-fn"}   Adjusted for maternal education   Adjusted for paternal education   Adjusted for maternal education and all health indicators   Adjusted for paternal education and all health indicators
  --------------------------------------------- --------------------------------------------- --------------------------------- --------------------------------- ----------------------------------------------------------- -----------------------------------------------------------
  **Parental education**                                                                                                                                                                                                      
  *Maternal education*                                                                                                                                                                                                        
  High (reference)                              0                                                                                                                 0                                                           
  Intermediate                                  **-0.41** (-0.50;-0.32)                                                                                           **-0.41** (-0.50;-0.32)                                     
  Low                                           **-0.92** (-1.05;-0.80)                                                                                           **-0.90** (-1.03;-0.77)                                     
  *Paternal education*                                                                                                                                                                                                        
  High (reference)                              0                                                                                                                                                                             0
  Intermediate                                  **-0.46** (-0.55;-0.36)                                                                                                                                                       **-0.45** (-0.54;-0.35)
  Low                                           **-0.92** (-1.04;-0.80)                                                                                                                                                       **-0.91** (-1.03;-0.79)
  **Health indicators**                                                                                                                                                                                                       
  Eczema (no. of years)                         -0.00 (-0.02;0.02)                            -0.01 (-0.02;0.01)                -0.00 (-0.02;0.02)                -0.00 (-0.02;0.02)                                          0.00 (-0.02;0.02)
  Asthma symptoms (no. of years)                -0.02 (-0.05;0.01)                            -0.01 (-0.04;0.01)                -0.02 (-0.04;0.01)                -0.00 (-0.03;0.02)                                          -0.01 (-0.04;0.025)
  Poor general health (no. of years)            -0.04 (-0.07;0.00)                            -0.03 (-0.07;0.01)                -0.03 (-0.06;0.01)                -0.02 (-0.06;0.02)                                          -0.01 (-0.05;0.03)
  Freq. respiratory infections (no. of years)   -0.03 (-0.07;0.01)                            -0.01 (-0.05;0.02)                -0.02 (-0.06;0.02)                0.00 (-0.04;0.04)                                           -0.00 (-0.04;0.04)
  Overweight (no. of years)                     **-0.05** (-0.08;-0.01)                       -0.03 (-0.06;0.00)                -0.02 (-0.05;0.01)                -0.03 (-0.06;0.00)                                          -0.02 (-0.05;0.01)
  *School absence*                                                                                                                                                                                                            
   0 days (reference)                           0                                             0                                 0                                 0                                                           0
   1--2 days                                    0.07 (-0.04;0.19)                             0.01 (-0.10;0.12)                 0.04 (-0.06;0.15)                 0.02 (-0.09;0.13)                                           0.04 (-0.06;0.15)
   3--5 days                                    0.03 (-0.09;0.14)                             -0.00 (-0.12;0.11)                -0.00 (-0.11;0.11)                0.01 (-0.11;0.12)                                           -0.00 (-0.11;0.12)
   \>5 days                                     **-0.18** (-0.33;-0.03)                       -0.12 (-0.26;0.02)                **-0.17** (-0.31;-0.03)           -0.10 (-0.24;0.05)                                          **-0.15** (-0.29;-0.00)

^a^ Adjusted for the sex of the child

^b^ crude models, only adjusted for sex of the child

^c^ 95% confidence intervals of β.

10.1371/journal.pone.0134780.t004

###### Association of parental education and health indicators with Cito test score (Z-score) (n = 1,531)[^a^](#t004fn001){ref-type="table-fn"}.
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                                                Crude[^b^](#t004fn002){ref-type="table-fn"}   Adjusted for maternal education   Adjusted for paternal education   Adjusted for maternal education and all health indicators   Adjusted for paternal education and all health indicators
  --------------------------------------------- --------------------------------------------- --------------------------------- --------------------------------- ----------------------------------------------------------- -----------------------------------------------------------
  **Parental education**                                                                                                                                                                                                      
  *Maternal education*                                                                                                                                                                                                        
  High (reference)                              0                                                                                                                 0                                                           
  Intermediate                                  **-0.37** (-0.47;-0.27)                                                                                           **-0.36** (-0.46;-0.26)                                     
  Low                                           **-0.85** (-0.99;-0.70)                                                                                           **-0.82** (-0.97;-0.67)                                     
  *Paternal education*                          0                                                                                                                                                                             0
  High (reference)                              **-0.40** (-0.50;-0.29)                                                                                                                                                       **0.39** (-0.50;-0.28)
  Intermediate                                  **-0.78** (-0.92;-0.65)                                                                                                                                                       **-0.77** (-0.90;-0.63)
  Low                                                                                                                                                                                                                         
  **Health indicators**                                                                                                                                                                                                       
  Eczema (no. of years)                         0.00 (-0.02;0.02)                             -0.00 (-0.02;0.02)                0.00 (-0.02;0.02)                 0.00 (-0.02;0.03)                                           0.01 (-0.02;0.03)
  Asthma symptoms (no. of years)                **-0.04** (-0.07;-0.01)                       **-0.03** (-0.06;-0.00)           **-0.04** (-0.07;-0.01)           -0.03 (-0.06;0.01)                                          -0.03 (-0.07;0.00)
  Poor general health (no. of years)            -0.03 (-0.08;0.01)                            -0.03 (-0.07:0.01)                -0.03 (-0.07:0.01)                -0.01 (-0.06;0.05)                                          0.00 (-0.05;0.06)
  Freq. respiratory infections (no. of years)   -0.04 (-0.08;0.00)                            -0.02 (-0.06;0.02)                -0.03 (-0.07;0.01)                0.00 (-0.04;0.04)                                           -0.01 (-0.05;0.04)
  Overweight (no. of years)                     **-0.06** (-0.10;-0.02)                       **-0.04** (-0.07;-0.00)           -0.03 (-0.07;0.01)                -0.03 (-0.07;0.00)                                          -0.02 (-0.06;0.01)
  *School absence*                                                                                                                                                                                                            
   0 days (reference)                           0                                             0                                 0                                 0                                                           0
   1--2 days                                    0.06 (-0.07:0.19)                             -0.00 (-0.13;0.12)                0.04 (-0.09;0.16)                 -0.00 (-0.13;0.12)                                          0.03 (-0.09;0.16)
   3--5 days                                    0.05 (-0.08;0.18)                             0.03 (-0.10;0.15)                 0.02 (-0.11;0.14)                 0.04 (-0.09;0.16)                                           0.02 (-0.10;0.15)
   \>5 days                                     **-0.18** (-0.35;-0.01)                       -0.14 (-0.30;0.02)                **-0.18** (-0.34;-0.02)           -0.11 (-0.27;0.05)                                          -0.16 (-0.32;0.01)

^a^ Adjusted for the sex of the child

^b^ crude models, only adjusted for sex of the child

^c^ 95% confidence intervals of β.

10.1371/journal.pone.0134780.t005

###### Association between children's health trajectories and school level assessment (n = 1,865) and Cito Test score (n = 1,531) (Z-scores).
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                                                                School level assessment [^a^](#t005fn001){ref-type="table-fn"}   Cito Test score [^a^](#t005fn001){ref-type="table-fn"}
  -------------------------------------------------------- ---- ---------------------------------------------------------------- --------------------------------------------------------
  *Eczema*                                                                                                                       
  none (reference)[^c^](#t005fn003){ref-type="table-fn"}   79   0                                                                0
  early only[^d^](#t005fn004){ref-type="table-fn"}         6    -0.01 (-0.22;0.19)                                               0.06 (-0.18;0.29)
  late only[^e^](#t005fn005){ref-type="table-fn"}          7    -0.12 (-0.32;0.08)                                               -0.02 (-0.24;0.19)
  Persistent[^f^](#t005fn006){ref-type="table-fn"}         9    -0.07 (-0.22;0.08)                                               -0.04 (-0.21;0.13)
  *Asthma symptoms*                                                                                                              
  none (reference)[^c^](#t005fn003){ref-type="table-fn"}   80   0                                                                0
  early only[^d^](#t005fn004){ref-type="table-fn"}         8    0.03 (-0.14;0.19)                                                -0.01 (-0.19;0.17)
  late only[^e^](#t005fn005){ref-type="table-fn"}          5    -0.16 (-0.39;0.07)                                               -0.25 (-0.52;0.02)
  Persistent[^f^](#t005fn006){ref-type="table-fn"}         7    -0.17 (-0.35;0.01)                                               **-0.25 (-0.46;-0.04)**
  *Poor general health*                                                                                                          
  none (reference)[^c^](#t005fn003){ref-type="table-fn"}   53   0                                                                0
  early only[^d^](#t005fn004){ref-type="table-fn"}         14   -0.05 (-0.18;0.09)                                               -0.08 (-0.23;0.08)
  late only[^e^](#t005fn005){ref-type="table-fn"}          14   0.03 (-0.10;0.17)                                                0.00 (-0.15;0.15)
  Persistent[^f^](#t005fn006){ref-type="table-fn"}         19   **-0.14 (-0.26;-0.01)**                                          -0.12 (-0.26;0.02)
  *Frequent respiratory infections*                                                                                              
  none (reference)[^c^](#t005fn003){ref-type="table-fn"}   93   0                                                                0
  early only[^d^](#t005fn004){ref-type="table-fn"}         5    -0.15 (-0.38;0.07)                                               -0.18 (-0.45;0.09)
  late only[^e^](#t005fn005){ref-type="table-fn"}          2    -0.17 (-0.51;0.17)                                               -0.18 (-0.52;0.16)
  Persistent[^f^](#t005fn006){ref-type="table-fn"}         1    0.01 (-0.38;0.41)                                                0.25 (-0.14;0.65)
  *Overweight*                                                                                                                   
  none (reference)[^c^](#t005fn003){ref-type="table-fn"}   86   0                                                                0
  early only[^d^](#t005fn004){ref-type="table-fn"}         3    0.00 (-0.38;0.39)                                                -0.15 (-0.65;0.35)
  late only[^e^](#t005fn005){ref-type="table-fn"}          8    **-0.34 (-0.54;-0.14)**                                          -0.23 (-0.48;0.01)
  Persistent[^f^](#t005fn006){ref-type="table-fn"}         4    -0.08 (-0.31;0.14)                                               -0.21 (-0.48;0.07)

^a^ Adjusted for sex of the child

^b^ 95% confidence intervals of β

^c^ Parents reported health problems not more than once between age three to five years, and not more than once between age six to eleven (never in case of poor general health)

^d^ Parents reported health problems at least two out of three times between age three to five years (poor general health at least once between age three to six) and not more than once between age six to eleven (none for poor general health)

^e^ Parents reported health problems not more than once between age three to five years (none for poor general health), and at least two out of four times between age six to eleven (poor general health at least once between age seven to eleven)

^f^ Parents reported health problems at least two out of three times between age three to five and at least two out of four times between age six to eleven (poor general health at least once between age three to six and at least once between age seven to eleven).

Results {#sec016}
=======

Health and school level assessment {#sec017}
----------------------------------

School level assessment was lower for children with overweight (-0.05 z-score (95% CI -0.08; -0.01) per year with overweight) and children who were absent from school for more than five days in the current school year (-0.18 z-score (95% CI -0.33; -0.03), [Table 3](#pone.0134780.t003){ref-type="table"}). Eczema, asthma symptoms, frequent respiratory infections were not associated with the children's school level assessment, while poor general health was borderline significantly associated with a lower school level assessment (-0.04 z-score (95% CI -0.07; 0.00) per year with poor general health.

Assessment of the health trajectories in relation to the school level assessment showed that only children suffering from poor general health persistently throughout their childhood received a significantly lower school level assessment than children with good general health during childhood (-0.14 z-score (95% CI -0.26;-0.01, [Table 5](#pone.0134780.t005){ref-type="table"}). When poor general health was present only early or only later in childhood, there was no association with school level assessment. Children with overweight later in childhood, but not those with early overweight, received a significantly lower school level assessment than children without overweight during childhood (-0.34 z-score (95% CI -0.54;-0.14)).

Health and Cito Test score {#sec018}
--------------------------

Cito test scores were significantly lower in children with asthma (-0.04 z-score (95% CI -0.07; -0.01) per year with asthma), in children with overweight (-0.06 z-score (95% CI -0.10; -0.02) per year with overweight) and in children who were absent from school for more than five days in the current year (-0.18 z-score (95% CI -0.35;-0.01)) than in children without these health problems or health related school absence, respectively. Eczema and poor general health were not related to children's Cito Test scores, while frequent respiratory infections was borderline significantly associated with a lower Cito Test score (-0.04 z-score (95% CI -0.08;0.00) ([Table 4](#pone.0134780.t004){ref-type="table"}).

Considering the health trajectories ([Table 5](#pone.0134780.t005){ref-type="table"}), children with persistent asthma symptoms during childhood scored lower on the Cito Test than children without asthma symptoms (-0.25 z-score). None of the other health trajectories were statistically significantly associated with the Cito Test scores ([Table 5](#pone.0134780.t005){ref-type="table"}).

Parental educational level and school performance {#sec019}
-------------------------------------------------

The lower the educational level of the parents, the poorer their children performed at school (Tables [3](#pone.0134780.t003){ref-type="table"} and [4](#pone.0134780.t004){ref-type="table"}). Children of parents with a low education received a school level assessment that was 0.92 z-score lower and a Cito Test score that was 0.78 to 0.85 z-score lower (respectively paternal and maternal educational level) than their peers with highly educated parents. Children with intermediately educated parents received a school level assessment that was 0.41 to 0.46 z-score lower (respectively maternal and paternal educational level) and a Cito Test score that was 0.37 to 0.40 z-score lower (respectively maternal and paternal educational level).

Health, parental education and school performance {#sec020}
-------------------------------------------------

When parental educational level and the health problems were included in the same regression models (Tables [3](#pone.0134780.t003){ref-type="table"} and [4](#pone.0134780.t004){ref-type="table"}), the association between the parental educational level and children's school performance remained significant and stable. This was also the case when parental education was included in one regression model with all the health indicators together.

Generally, the strength of the associations between the health indicators and school performance attenuated slightly when parental education was added to the regression models. The association between asthma symptoms and Cito Test Score remained stable after inclusion of maternal as well as paternal education. The association between health related school absence of more than five days in the past year and school performance remained stable after adjustment for paternal education, but the point estimate of school absence decreased when maternal education was included. The associations between overweight and school performance attenuated somewhat after inclusion of maternal education and slightly more when paternal education was included in the model (Tables [3](#pone.0134780.t003){ref-type="table"} and [4](#pone.0134780.t004){ref-type="table"}).

Association between health and school performance by parental education {#sec021}
-----------------------------------------------------------------------

The associations between the six health indicators and the Cito Test score did not differ by the educational level of the parents. For the school level assessment, we found that maternal education modified the associations of eczema (p for interaction = 0.09), and health related school absence (p-value for interaction = 0.05) with the school level assessment. [Fig 1](#pone.0134780.g001){ref-type="fig"} shows the associations between eczema and health related school absence with the school level assessment, stratified by the educational level of the mother and the father. Associations between eczema and school level assessment differed significantly between different levels of parental education, but the effect estimates were extremely small and the pattern of interaction was inconsistent. Having missed more than 5 schooldays due to illness was associated with a 0.3 z-scores lower school level assessment in children of parents with a low level of education (statistically significant in children with low paternal education). In children of more highly educated parents, the school level assessment was less affected (between -0.2 and 0.1 z-scores) by having missed more than 5 schooldays due to illness.

![Associations between eczema, health related school absence and school level assessment, stratified by parental education^a^.\
^a^ Adjusted for sex of the child.](pone.0134780.g001){#pone.0134780.g001}

Findings from the imputed dataset compared with the complete case dataset {#sec022}
-------------------------------------------------------------------------

In the complete-case dataset, the prevalence of high parental education was slightly higher and the prevalence of ill health was slightly lower than in the imputed dataset ([Table 2](#pone.0134780.t002){ref-type="table"}). We found that the association between parental education and school performance was smaller in the complete case analyses, though in the same direction (Tables F and G in [S1 Table](#pone.0134780.s001){ref-type="supplementary-material"}). In the complete case analyses, the association between overweight and children's school level assessment was larger than in the imputed dataset and remained significant when the educational level of the parents was taken into account. Furthermore, more health problems were associated with the Cito Test score and remained significant when parental educational level was included.

Discussion {#sec023}
==========

Main findings {#sec024}
-------------

The health problems assessed in our study were not significantly associated with lower school performance, with the exception of asthma symptoms, overweight and missing more than 5 schooldays due to illness. The effect estimates for these health indicators were much smaller though than the effect estimates for parental education, which was strongly associated with children's school performance. Analysis of the health trajectories showed that for asthma and poor general health, the associations with school performance were significant if these conditions were present persistently throughout the child's life, but not when they were present in early life only. We found only limited evidence for the hypothesis that poor health would be more detrimental for the school performance of children from less educated parents than for children from highly educated parents. Health related school absence was only associated with children's school performance if their parents were less educated, but for the other health indicators no such interactions were observed.

Strengths and limitations {#sec025}
-------------------------

An important strength of our study is the use of data collected prospectively and (with the exception of school days missed) repeatedly, allowing us to make a robust assessment of the health status of children throughout their primary school years and to examine the role of early, late and persistent ill health. Furthermore, this study provided both an objective (Cito Test score) and subjective (teacher's school level assessment) measure of school performance and information on six different indicators of health.

This study has several limitations. Data of 1,865 children (47% of the baseline study population of 3,963 children) were available for the current study. For 1,531 of these children the Cito Test score was available. Children included in the current study had more highly educated parents than the children from the baseline study population (35% high educated mother and 40% high educated fathers in the baseline study population versus 40% high educated mother and 46% high educated fathers in the current study).\[[@pone.0134780.ref016]\] However, we see no reason to assume that our results would have been essentially different if the distribution of parental educational levels in our study population would have been more similar to the distribution in the PIAMA baseline population.

As indicators of childhood health, we used a number of specific health problems that are common in primary school children as well as two more general measures of health. Our health measures were not comprehensive however. We did not include very serious but rare diseases and handicaps, nor did we include mental problems and behavioral disorders. Serious diseases and handicaps are relatively rare in the general population and although they are likely to have a strong impact on individual children's possibilities to attend school, we think it unlikely that not including such diseases has affected the results of our general population study. Mental and behavioral problems, on the other hand, may be more prevalent and may influence school performance in the general population. When interpreting our findings it should be taken into account that mental and behavioral problems were not covered in the study.

We used school absence due to illness as a general measure of the health of a child, but we cannot rule out that other reasons for school absence may have been included in the answers as well, such as a child being reluctant to go to school. This would have resulted in an indicator that not only measures children's health status, but also their pleasure in going to school, that could also be related to their school performance or academic capacity. However, we believe it is less likely that other reasons for school absence were captured with this measure, because of the specific reference to illness in the question.

We imputed the missing data on the independent indicators multiple times to reduce the risk of selection bias. This also allowed us to make use of the data more efficiently, because all available data were included in the analyses and not only the data of the subgroup that never had a single missing value on the health indicators in the entire study period. In our total dataset only 5.6% of the data were missing, but these missing values were distributed over a large number of participants. If we would use only the complete cases, with no missing data at all, we could only use data of 22% of our study population and we would discard all the available information from 78% of the study population because they had a missing value on one or more of the repeated measurements. For most health conditions, imputation slightly increased the prevalence, indicating that healthy children were somewhat overrepresented in the complete cases. Analyses in the subgroup with complete data showed more significant associations between the health indicators and school performance than we observed in the imputed dataset, indicating that we might have overestimated the effects of health on educational performance if we had restricted our analyses to this subgroup.

Comparison with other studies {#sec026}
-----------------------------

In the current study, lower parental educational level was strongly and significantly associated with lower school performance. This relationship has been found in many studies.\[[@pone.0134780.ref002]--[@pone.0134780.ref006]\] We investigated whether eczema, asthma symptoms, general health, frequent respiratory infections, overweight and health related school absence were associated with children's school performance. We found little evidence for a significant association between these health aspects and school performance. In the literature, most studies on health and educational attainment have focussed on asthma, overweight/ obesity or general health.\[[@pone.0134780.ref008]\] In most cases, these studies addressed only one health condition. Reviews concerning the relation between asthma and school performance reported that the evidence is inconclusive,\[[@pone.0134780.ref008]--[@pone.0134780.ref010]\] while some individual studies found that (persistent) asthma was associated with worse school performance.\[[@pone.0134780.ref013],[@pone.0134780.ref014]\] Reviews concerning overweight and obesity generally conclude that weight problems are associated with worse school achievement.\[[@pone.0134780.ref008],[@pone.0134780.ref012],[@pone.0134780.ref027]\] However, it is not always clear whether the studies described in these reviews adjusted for parental SES. A study by Judge & Jahns (2007) did, and they found that the association between overweight and school performance was no longer statistically significant after adjusting for SES.\[[@pone.0134780.ref010]\] Case et al. (2005) found that, in a UK cohort of subjects born in 1958, chronic health problems (physical impairments, mental and emotional conditions and other 'systems' conditions) during childhood adversely affected children's educational attainment independent of parental income, education and social class.\[[@pone.0134780.ref028]\] In accordance with our study though, they reported also that the educational level and social class of the father provided the largest contribution to the educational attainment of the child, and that childhood health contributed much less. Overall, previous studies as well as our study do not provide conclusive evidence that the health conditions studied here have a significant negative effect on school performance independent of socio-economic status of the parents.

Additionally, we examined whether the relationship between health and school performance differed by the educational levels of the parents. The negative impact of health related school absenteeism on the school level assessment was only observed among children with less educated parents, not for their peers with higher educated parents. Our results are in line with the results from studies on asthma by Fowler et al. (1992) and Salm & Schunk (2008), in that they also found that a negative health impact on school performance only occurred among children from low income families \[[@pone.0134780.ref029]\] or was stronger among children from lower educated parents\[[@pone.0134780.ref030]\].

Interpretation and implications of the findings {#sec027}
-----------------------------------------------

This study contributes to the discussion on the extent to which health affects education versus education affecting health.\[[@pone.0134780.ref031],[@pone.0134780.ref032],[@pone.0134780.ref033]\] Compared to the associations we observed for the health indicators, the associations between parental education and school performance were much stronger. Effect estimates were fairly similar for paternal and maternal education and showed a clear dose-response relation for the three levels of education. When including the health indicators, the strength of the associations between parental education and school performance was not affected, not even when all health indicators were included together in the models at the same time. Children of parents with a low educational attainment scored, on average, 6 points (absolute, unstandardized points) lower on the CITO test than children of high educated parents. This difference corresponds with a difference of one or two educational levels (out of seven, see [Table 1](#pone.0134780.t001){ref-type="table"}) at the start of their secondary education at the age of 12 years. This will influence their ultimate educational attainment and, eventually, their socio-economic position in adulthood. This is, in turn, an important determinant of health.\[[@pone.0134780.ref034]\]

Besides heredity of intelligence and cognitive skills,\[[@pone.0134780.ref035],[@pone.0134780.ref036],[@pone.0134780.ref037]\] studies have shown that the availability of a stimulating home environment determines children's school performance.\[[@pone.0134780.ref036]--[@pone.0134780.ref040]\] In this context, the educational level of the parents can be considered a proxy for human capital, that is the literacy environment of the home, the parental engagement in school, and the belief in the importance of schooling, which is positively linked to learning abilities in childhood.\[[@pone.0134780.ref039]\] Governmental initiatives such as "Sure Start' in the UK and 'Centre for Youth and Family' (Centrum voor Jeugd en Gezin) in The Netherlands support parents in creating such stimulating home environments in order to help their children reach their highest (academic) abilities. Our findings underline that proving this type of support is particularly important for parents with a lower educational attainment.
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